
Supplemental Table 1. Pearson correlation coefficients of energy-adjusted dietary intakes and circulating plasma levels of branched-chain amino 

acids at baseline blood draw, among women with a history of gestational diabetes mellitus. 

  Plasma Concentrationsa Dietary Intakesb 

Plasma Concentrations 

 Total 

BCAAs 

Isoleucine Leucine Valine Total BCAAsc Isoleucine Leucine Valine 

Total BCAAs 

r 

p-value 

1.00 

 

0.97 

<0.0001 

0.97 

<0.0001 

0.95 

<0.0001 

0.19 

0.0005 

0.19 

0.0004 

0.19 

0.0003 

0.17 

0.0016 

Isoleucine 

r 

p-value 

 

1.00 

 

0.93 

<0.0001 

0.87 

<0.0001 

0.15 

0.0045 

0.15 

0.004 

0.16 

0.0026 

0.14 

0.011 

Leucine 

r 

p-value 

  

1.00 

 

0.88 

<0.0001 

0.18 

0.0006 

0.19 

0.0004 

0.19 

0.0003 

0.17 

0.0017 

Valine 

r 

p-value 

   

1.00 

 

0.20 

0.0002 

0.20 

0.0001 

0.21 

0.0001 

0.19 

0.0005 

Dietary Intakes          

Total BCAAs 

r 

p-value 

    

1.00 

 

>0.99 

<0.0001 

>0.99 

<0.0001 

>0.99 

<0.0001 

Isoleucine r      1.00 0.99 0.99 



p-value  <0.0001 <0.0001 

Leucine 

r 

p-value 

      

1.00 

 

0.99 

<0.0001 

Valine 

r 

p-value 

       

1.00 

 

 

aLog-transformed and standardized 

bAdjusted for total energy intake 

cBCAAs, branched chain amino acids 



Supplemental Table 2. Characteristics at baseline blood draw among women with a history of gestational 

diabetes mellitus (GDM), by dietary intake of energy-adjusted total branched-chain amino acids (isoleucine, 

leucine, valine). 

 Total BCAA Intake (g/day)  

  Q1 Q2 Q3 Q4 p-value* 

N T2D cases 32 41 41 58 0.001 

N controls 54 47 45 29  

Age, years 43.0 (4.4) 42.8 (4.3) 42.9 (4.8) 43.3 (4.2) 0.9 

Body mass index (BMI) 27.2 (6.1) 27.6 (6.3) 29.3 (6.5) 29.8 (6.8) 0.02 

Overweight/obese (BMI≥25 kg/m2), % 55.8 55.7 70.9 72.4 0.02 

Family history diabetes - % 41.9 43.2 44.2 49.4 0.8 

Current aspirin use - % 4.7 8.0 7.0 6.9 0.8 

Menopausal status - %    
  

Premenopause 77.9 80.7 82.6 74.7 0.9 

Post, no current menopausal hormones 10.5 8.0 5.8 11.5  

Post, current menopausal hormones 11.6 11.4 11.6 13.8  

Smoking status - %      

Never smoker 67.4 73.9 60.5 74.7 0.1 

Past/current smoker 32.6 26.1 39.5 25.3  

Caucasian race/ethnicity - % 87.2 95.5 91.9 95.4 0.1 

Plasma concentrations^      

Fasting status (>8 hrs from eating) - % 75.6 73.9 84.9 69.0 0.1 

Total BCAAs -0.40 (2.9) -0.41 (2.7) 0.03 (2.8) 0.87 (3.1) 0.01 

Isoleucine -0.11 (1.0) -0.11 (0.9) 0.00 (1.0) 0.27 (1.1) 0.04 

Leucine -0.13 (1.0) -0.17 (0.9) 0.00 (0.9) 0.32 (1.1) 0.006 

Valine -0.16 (1.1) -0.14 (0.9) 0.03 (1.0) 0.29 (1.0) 0.01 

Dietary intake, g/d^^      

Total BCAAs 12.4 (1.4) 14.6 (0.4) 15.9 (0.4) 18.4 (1.4) <0.0001 

Isoleucine 3.3 (0.4) 3.9 (0.1) 4.2 (0.1) 4.9 (0.4) <0.0001 

Leucine 5.5 (0.6) 6.5 (0.2) 7.0 (0.2) 8.1 (0.6) <0.0001 

Valine 3.7 (0.4) 4.3 (0.1) 4.7 (0.1) 5.4 (0.4) <0.0001 

Alcohol, g/d 3.1 (5.9) 2.6 (4.5) 2.1 (4.6) 2.2 (4.3) 0.5 

Total calories, kcal/d 2030 (540) 1830 (520) 1950 (540) 2060 (500) 0.02 

AHEI-2010 dietary quality score 47.4 (9.9) 47.4 (8.7) 49.3 (8.4) 49.1 (11.2) 0.4 

Animal protein, g/d 51.7 (17.7) 57.7 (15.0) 68.2 (15.9) 83.7 (19.6) <0.0001 

Vegetable protein, g/d 26.9 (7.8) 24.8 (8.4) 26.0 (9.1) 26.6 (8.3) 0.3 

Red meat intake, serv/d 0.9 (0.6) 1.0 (0.5) 1.1 (0.6) 1.2 (0.7) 0.0002 

^Log-transformed and standardized 

^^Adjusted for total energy intake; *p-value for between-group differences from Chi2 test (categorical variables) 

and ANOVA (continuous variables) 



BCAAs, branched chain amino acids 

T2D, type 2 diabetes  



Supplemental Table 3. Characteristics at baseline blood draw among women with a history of gestational 

diabetes mellitus (GDM), by circulating plasma levels of total branched-chain amino acids (isoleucine, leucine, 

valine). 

  Q1 Q2 Q3 Q4 p-value 

N T2D cases 22 37 54 59 <0.0001 

N controls 64 51 33 27  

Age, years 43.2 (4.3) 43.2 (4.8) 43.0 (4.4) 42.6 (4.2) 0.8 

Body mass index (BMI) 24.7 (5.3) 28.1 (5.9) 30.5 (6.9) 30.7 (5.9) <0.0001 

Overweight/obese (BMI≥25 kg/m2), % 29.1 65.9 77.0 82.6 <0.0001 

Family history diabetes - % 46.5 44.3 41.4 46.5 0.9 

Current aspirin use - % 4.7 3.4 6.9 11.6 0.1 

Menopausal status - %    
  

Premenopause 79.1 78.4 82.8 75.6 0.8 

Post, no current menopausal hormones 10.5 8.0 5.8 11.6  

Post, current menopausal hormones 10.5 13.6 11.5 12.8  

Smoking status - %      

Never smoker 73.3 71.6 65.5 66.3 0.6 

Past/current smoker 26.7 28.4 34.5 33.7  

Caucasian race/ethnicity - % 94.2 92.1 96.6 87.2 0.1 

Plasma concentrations^      

Fasting status (>8 hrs from eating) - % 76.7 80.7 78.2 67.4 0.2 

Total BCAAs -3.27 (0.9) -1.26 (0.5) 0.61 (0.5) 4.03 (2.0) <0.0001 

Isoleucine -1.07 (0.3) -0.42 (0.3) 0.19 (0.3) 1.35 (0.8) <0.0001 

Leucine -1.11 (0.4) -0.41 (0.3) 0.21 (0.28) 1.34 (0.7) <0.0001 

Valine -1.09 (0.4) -0.43 (0.3) 0.21 (0.36) 1.34 (0.7) <0.0001 

Dietary intake, g/d^^      

Total BCAAs 14.7 (2.3) 15.4 (2.3) 15.5 (2.2) 15.8 (2.5) 0.02 

Isoleucine 3.9 (0.6) 4.1 (0.6) 4.1 (0.6) 4.2 (0.7) 0.01 

Leucine 6.5 (1.0) 6.8 (1.0) 6.8 (1.0) 7.0 (1.1) 0.01 

Valine 4.3 (0.7) 4.5 (0.7) 4.5 (0.7) 4.6 (0.7) 0.04 

Alcohol, g/d 2.9 (5.6) 2.6 (5.0) 2.6 (5.0) 2.0 (3.8) 0.7 

Total calories, kcal/d 1970 (530) 1940 (550) 1920 (510) 2040 (530) 0.5 

AHEI-2010 dietary quality score 49.6 (9.2) 49.4 (8.4) 46.6 (10.5) 47.5 (9.9) 0.1 

Animal protein, g/d 60.9 (20.8) 64.8 (20.0) 65.2 (18.9) 70.5 (23.2) 0.03 

Vegetable protein, g/d 27.2 (9.0) 25.8 (7.8) 25.1 (9.1) 26.2 (7.8) 0.4 

Red meat intake, serv/d 1.0 (0.5) 1.0 (0.6) 1.1 (0.6) 1.2 (0.7) 0.04 

^Log-transformed and standardized 

^^Adjusted for total energy intake; *p-value for between-group differences from Chi2 test (categorical variables) 

and ANOVA (continuous variables) 



BCAAs, branched chain amino acids 

T2D, type 2 diabetes  



Supplemental Table 4. Characteristics at baseline blood draw among women with a history of gestational 

diabetes mellitus (GDM), by joint categories of circulating plasma levels and dietary intakes of total branched-

chain amino acids (isoleucine, leucine, valine). 

  
Low Diet/ 

Low Plasma 

Low Diet/ 

High Plasma 

High Diet/ 

Low Plasma 

High Diet/ 

High Plasma 

p-value* 

N T2D cases 27 46 32 67 <0.0001 

N controls 68 33 47 27  

Age, years 43.2 (4.4) 42.5 (4.3) 43.2 (4.8) 43.1 (4.3) 0.7 

Body mass index (BMI) 25.5 (5.4) 29.7 (6.4) 27.5 (6.3) 31.3 (6.4) <0.0001 

Overweight/obese (BMI≥25 kg/m2), % 40.0 74.7 57.0 84.0 <0.0001 

Family history diabetes - % 45.3 39.2 45.6 47.9 0.7 

Current aspirin use - % 4.2 8.9 3.9 9.6 0.3 

Menopausal status - %    
  

Premenopause 79.0 79.8 78.5 78.7 0.9 

Post, no current menopausal hormones 10.5 7.6 7.6 9.6  

Post, current menopausal hormones 10.5 12.7 13.9 11.7  

Smoking status - %      

Never smoker 69.5 72.2 76.0 60.6 0.2 

Past/current smoker 30.5 27.9 24.1 39.4  

Caucasian race/ethnicity - % 92.6 89.9 93.7 93.6 0.8 

Plasma concentrations^      

Fasting status (>8 hrs from eating) - % 76.7 74.7 83.5 71.3 0.3 

Total BCAAs -2.44 (1.2) 2.04 (2.1) -2.02 (1.2) 2.54 (2.3) <0.0001 

Isoleucine -0.78 (0.5) 0.70 (0.8) -0.69 (0.4) 0.82 (0.9) <0.0001 

Leucine -0.82 (0.5) 0.66 (0.7) -0.67 (0.5) 0.86 (0.9) <0.0001 

Valine -0.83 (0.5) 0.68 (0.8) -0.66 (0.5) 0.85 (0.8) <0.0001 

Dietary intake, g/d^^      

Total BCAAs 13.4 (1.6) 13.7 (1.4) 17.0 (1.5) 17.3 (1.7) <0.0001 

Isoleucine 3.5 (0.4) 3.6 (0.4) 4.5 (0.4) 4.6 (0.5) <0.0001 

Leucine 5.9 (0.7) 6.1 (0.6) 7.5 (0.7) 7.6 (0.7) <0.0001 

Valine 3.9 (0.5) 4.0 (0.4) 5.0 (0.4) 5.1 (0.5) <0.0001 

Alcohol, g/d 3.5 (6.1) 2.1 (3.9) 1.8 (3.9) 2.5 (4.9) 0.1 

Total calories, kcal/d 1910 (540) 1960 (540) 2020 (550) 2000 (510) 0.5 

AHEI-2010 dietary quality score 48.8 (8.7) 45.6 (9.6) 50.3 (8.9) 48.2 (10.6) 0.02 

Animal protein, g/d 53.1 (16.4) 56.7 (16.6) 74.6 (18.6) 77. 2 (20.1) <0.0001 

Vegetable protein, g/d 25.7 (7.7) 26.1 (8.8) 27.5 (9.2) 25.3 (8.2)  

Red meat intake, serv/d 0.9 (0.5) 1.0 (0.6) 1.1 (0.6) 1.3 (0.7)  

^Log-transformed and standardized 

^^Adjusted for total energy intake; *p-value for between-group differences from Chi2 test (categorical variables) 

and ANOVA continuous variables)



Supplemental Table 5. Quartiles of dietary intake and circulating plasma concentrations of branched-chain amino acids in relation to T2D among 

women with prior GDM, adjusting for additional dietary factors. 

 Q1 Q2 Q3 Q4  

  OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
P for 

trend 

Dietary Intake (Energy-Adjusted) (g/d)           

Multivariable-Adjusted Model +  

Dietary Factors^    

  

Isoleucine [ref] 2.29 (0.78, 6.77) 1.60 (0.55, 4.68) 5.16 (1.43, 18.57) 0.016 

Leucine [ref] 2.32 (0.77, 7.03) 1.11 (0.38, 3.21) 3.83 (1.14, 12.86) 0.052 

Valine [ref] 3.00 (0.96, 9.42) 1.12 (0.39, 3.18) 5.03 (1.45, 17.47) 0.032 

Total BCAAs [ref] 2.29 (0.78, 6.69) 1.23 (0.42, 3.61) 4.07 (1.24, 13.40) 0.033 

Plasma Levels           

Multivariable-Adjusted Model +  

Dietary Factors^    

  

Isoleucine [ref] 1.30 (0.50, 3.40) 3.28 (1.10, 9.78) 4.46 (1.47, 13.52) 0.0036 

Leucine [ref] 1.42 (0.47, 4.31) 2.20 (0.68, 7.07) 5.85 (1.75, 19.59) 0.0021 

Valine [ref] 1.50 (0.53, 4.23) 4.86 (1.54, 15.31) 4.93 (1.57, 15.48) 0.0011 

Total BCAAs [ref] 1.22 (0.43, 3.40) 4.16 (1.27, 13.63) 4.52 (1.42, 14.41) 0.0018 

Conditional logistic regression multivariable model adjusts for age (continuous), total calorie intake (continuous), fasting status ≥8 hrs (yes/no), 

alcohol intake g/d (continuous), family history of diabetes (yes/no), menopausal status and current menopausal hormone therapy use 

(premenopausal, postmenopausal – use yes/no), total physical activity MET-hrs/wk (continuous), smoking status (ever/never), Caucasian 

race/ethnicity (yes/no), BMI kg/m2 (continuous), AHEI-2010 adherence dietary quality score (continuous), intakes of heme iron, trans fats, animal 

fats, and cereal fiber (continuous).



Supplemental Figure 1. Nested case-control selection among women with a history of gestational diabetes (GDM) prior to blood draw in the 

NHS II cohort. 

 

  

Analysis Exclusions: 

N=2 GDM dx after blood collection 

N=1 No FFQ data 

N=1 No metabolite data 

Analysis Exclusions: 

N=3 GDM dx after blood collection 

N=3 No FFQ data 

N=1 No metabolite data 

 

Final analytical sample: 

172 cases 

175 controls 

NHS II participants enrolled in 1989 

N=116,430 

Stored blood samples available from 

first blood collection  

(1997-1999) 

N=29,611 

179 cases with 

confirmed T2D 

diagnosed 1 year after 

blood draw through 

2013 

179 controls without 

type 2 diabetes 

through 2013 

Random case-control selection among GDM women with blood samples 

Matching: 

Age 

(+/- 5 yrs) 

 

Women reporting GDM at baseline 

or follow-up 

N=5,000 



Supplemental Figure 2. Association per 1 SD of dietary intakes and circulating plasma levels of BCAAs with odds of incident T2D, among 

women with a history of GDM. Dietary BCAA intakes are energy-adjusted. Conditional logistic regression multivariable model adjusts for age 

(continuous), total calorie intake (continuous), fasting status ≥8 hrs (yes/no), alcohol intake g/d (continuous), family history of diabetes (yes/no), 

menopausal status and current menopausal hormone therapy use (premenopausal, postmenopausal – use yes/no), total physical activity MET-

hrs/wk (continuous), smoking status (ever/never), Caucasian race/ethnicity (yes/no), BMI kg/m2 (continuous), AHEI-2010 adherence dietary 

quality score (continuous). 
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Supplemental Figure 3. Joint relationship between T2D risk factors and low (below median) vs. high 

(above median) dietary intakes and circulating plasma concentrationsof BCAAs with odds of incident 

T2D, among women with a history of GDM. Dietary BCAA intakes are energy-adjusted. Cut points for 

the T2D risk factors are as follows: BMI <25 kg/m2 vs. ≥25 kg/m2, total physical activity <10 MET-

hrs/wk vs. ≥10 MET-hrs/wk, and family history of diabetes yes/no. Conditional logistic regression 

multivariable model adjusts for age (continuous), total calorie intake (continuous), fasting status ≥8 hrs 

(yes/no), alcohol intake g/d (continuous), family history of diabetes (yes/no), menopausal status and 

current menopausal hormone therapy use (premenopausal, postmenopausal – use yes/no), total physical 

activity MET-hrs/wk (continuous), smoking status (ever/never), Caucasian race/ethnicity (yes/no), BMI 

kg/m2 (continuous), AHEI-2010 adherence dietary quality score (continuous). Star indicates statistically 

significant from reference group (low BCAA/low risk factor). 
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